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Compact Discs 



This Invention relates to compact discs. 

Compact discs are well established as digitally-encoded 
read-only discs which are conrconly used for high-quality sound 
reproduction. The conventional compact discs are produced by 
forming microscopic pits in a substrate by a stamping process ft. 
substrate comprises a !ayer of transparent plastics mater al a 
reflective support disc. The sound 1s reproduced by reading he 
pits using a low-power laser diode, and converting the resulting 
digital signal Into an analogue signal. 

These conventional discs are quite definitely read-only 
devices; they cannot be updated, nor can data be selectively erased 
therefrom. 

It is an object of the present Invention to provide an 

Improved compact disc. 

According to the invention there Is provided a compact disc 
comprising as an optical storage medium a layer of liquid crystal 

polymer material. 

Embodiments of the Invention will now be described, by way 
of example, with reference to the accompanying drawing, In which 

Figure 1 shows a schematic cross section through one form 
of compact disc in accordance with the invention, and 

Figure 2 shows a schematic cross section through a second 
form of compact disc In accordance with the Invention. 
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aw, d,eUCtMC These prop rtles 

low ,1o,u1d crista, (LC) materials t0 De contro) , ed " s 

Polymer materia,*, such as mechanical Integrity and ease of 

»e a sluggish response to electrtc fields due to their high 
viscosity, even when heated. ' 

It 1. known that tcp materials can be used as thermo-ootlc 
0 p oto-optlc stor. 9 e mad,.. The app.lcatlorr of LCPs InTe 
of optica, recording 1s of particular Interest and these ' 
electro-responsive materials further offer the prospect of write 
once and eras.bmty ,„ recording media. «h„e 1t s „1 
certain classes of low molar mass (non-polymeHc, LCs. 7,. Ztlc 
A cyanoblpheny, mixtures, can also be Implemented ,„ erase 1 
opt ca storage elements, the readn y -a»a11able glassy phases the 

9h viscosity and the different handling properties L.„ , e 
t e c se „ f LCP materials make these materials particularly 
trac 1»e. For example, with regard to a fUm-based produl:t> tne 

the fact that the technology for thin flexible plastic LCD 
production 1s already we,, known. This 1s so because of the United 
v s ty range ,»a„.b,e 1„ such media, .fence, when smectlc A LC 
media are confined 1n f,ex1b,e LCD formats, such as might be 
required n a micrographics application, and are then stressed 
mechan ca,, the data written thereon are corrupted due t t e 
fo«tlon of scattering textures. These scattering textures 
originate at the source of the deformation and propagate across the 

Ined bo ween glass plates, on the other hand, these mat rials 
offer ,er, high performance and have been successfully used In 
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ultrahigh resolution displays and artwork generators. 

Unlike conventional LCs, LCP materials are high molecular 
weight materials which possess many of the properties of the actual 
plastics substrates which are used in plastic LCD manufacture 
These electroactlve polymers are therefore more compatible wit such 
substrates, particularly when correctly engineered with respect to 
their phase behaviour. The scope for molecular engineering 1s a 
further advantage of LCP materials, this scope being broader than 
for the low molar mass materials, since polymers can be 
copolymers, crosslink*, plastlclsed and form Interpenetrating 
networks, etc. Furthermore, because of the size of their mo ecu s. 
LCPs do not possess the powerful solvent characteristics exh Mted 
by conventional LC materials, which present problems when using 

organic substrates. * „ ml > n * 

Referring to Figure 1 of the drawing. In the manufacture of 
a compact disc In accordance with the Invention, a layer 1 of a 
liquid crystal polymer material 1s deposited on a substrate 2 of. 
for example, a plastics material, preferably with a reflective ayer 
3 of. for example, aluminium therebetween. The substrate material 
may be. for example, polycarbonate, polyethylene terephthalate or 
polymethyl methacrylate. The material of the substrate may. without 
detriment, be blref ringent. as the LCP material 1s not sensit ve to 
polarisation. A cheap plastics material can therefore be used. A 
protective layer 4 1s preferably deposited over the polymer layer 1. 

The preferred LCP material 1s one which has a glass 
transition temperature (Tg) above room temperature, such as the 
polyacrylates and polyester-based LCPs. A suitable example 1s shown 
below. 

0 

C 0 
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For the above polymer, which has a n e„at1c phase the „la SS 
ranslt.on temperature (To) „ „. e and the Cearln, p„ £ 8 
temperature (Tc) Is 90'C. » p » 

The optimum value of Tg for the liquid crystal polymer Is 
approbate,, ,00'C. because the stored 1„f.„at1oI «u Z7l 

folu M J™"' S " C " " " a " 0rdM « «. above 
formula, which have a lower To will nevertheless be usable 

The polymer material 1s solid at room temperature' and can 

oatlno the substrate, the LCP material Is dissolved In , solvent 
such as cydopentanone or methyl ethyl ketone at a 2 « w . 

doctor blade or a wire-wound rod, preferably p roducfl , s an Lc , ' 
o optimum thickness between ! and ,o r . The thlnne t c P y r 
h. ore sens t.ve ,t ,s to the laser energy during writing, bu I tZ 

bv th ,rl" " rder '" er e " er3y be efficiently 

by the LO> materia,, a dye 1s Incorporated In the materia, by 
xample, m.x,n 9 a su,tab,e quantity of dye (for examp,e », „, he 
o,,»er or by covalent,, attach,,, the dye on to the polyl 
backbone. Tne iyt , s ^ ^ ^ 

Of laser which Is to be used for writing. For examp,e. the 

laser diode. 

The substrate 1s cut Into the required disc shape either 
before or after coating with the LCP material . 

The LCP material is then initialised to render the material 
scattering. This initialisation can be effected by heat " 
«f rl.1 nto Its isotropic phase, cooling It Into Its ,1^ 
crystal phase, maintaining the temperature until the material Is 
densely scattering, and then cooling 1t Into Its glass phase A 
suitable initialisation process Is described 1n grUtln n 
copending British Patent Application No. 9019542.1 The 
Initialisation may be combined with the drying of the LCP layer if a 



polymer/solvent solution Is used for deposits of the layer 

In order to wrtte data Into the disc, . User beam 5 1s 
focused on to en elemental area 6 of the UP Mri.1 and the 
Z «' 1" that area Is rapidly heated thereby Into the .so roplc 
1 nd becomes clear. On removal of the be., the material 
r ly « ~- temperature and quenches into the , lass phase 
C having sufficient time to reorientate Into the 1 ,u 
crystal phase. The written spot therefore remains In a clear 

o . state. The difference between the scattering texture . 
isotropic Slav*. texture of the written spot 

the unwritten background and the clear texture _ 
„„« a high signal to noise ratio during reading of the data. 
9 Z laser beam energy density required for writing a spot 

User beam 1s lum diameter. This low power requirement enables a 
1 ight ( SOnm) or 1nfr,-red (HO.) laser d1.de to be use 
r t n . v.s.b,e-H9ht diode Is preferable, because a sma, r 
f ct.o -,1m1ted spot Is possible and. furthermore, the 1as Is 
safer to use. Faster bit rates can be achieved b, Increasing the 
power delivered to the writing spot by the laser. 

The production of a clear written spot 1n a scatter ng 
background, which 1s achieved by using an UP material. 1s the 
Lite o the effect which Would be obtained using a low mo 
Is ,1,u1d crystal mater..,. Such materials assume a s t ing 
texture when wr.tten b, heating with a laser beam. « 
crystal polymer materials which ,uench Into a clear state fter 
Z g have the advantages that no alignment of the 1 ,o c » ta, 
, s required and It .s not necessary to apply Metric field t 
e Serial either during writing or for ,n.t..l1s.ng. A 
c using a liquid crystal poller Serial as the storage «d 
s therefore cheap to M nufacture and 1s reliable Erasur of t e 
wr ,tten data can be effected by heating the UP materia. Into Its 
;^rop1c phase and cooling It relatively slow,,. Bulk erasure of 
data from a disc 1s therefore possible. 

Since the Information 1s stored In the glass phase of the 



LCP material, the disc 1s archlvable. 

flp „ J"* ' UbStrdte 0f the disc "V be formed from either rigid 
or flexible plastics material, so that either rigid or floppy discs 
may be produced. ™ y 

a s , CO nH f^? 9 t0 M9Ure 2 ° f ^ dPaw1n9 ' 1n the ^nufacture of 

a J°,T S 0 ^" d1SC ^ aCC ° rdanCe WUh the "»«««. a 
layer 7 of LC polymer Is disposed between two rigid substrates 8 and 

9. The material of the substrates may be a polymer, for example 
polycarbonate, polyethylene terephthalate, polymethy, methacryiate- 
or may be glass. The substrate 8 may be thinner than the substrate 
9 in order to reduce optical effects when writing with a laser. The 
subs rates may also be of different materials. The material of th 
substra es may be blrefrlngent without detriment, since the LCP 
-ter . 1s not sensitive to polarisation. A cheap plastics 
material may therefore be used as the substrate material 
Electrodes 10 and 11 mu st be provided on the Inner surfaces of the 
substrates 1n order to apply an electric field across the LCP layer. 
Th. electrode 10 must be transparent to the laser beam, and a 
suitable electrode material Is Indium tin oxide, as used In LCD 
d sp ays. The electrode 11 may be a reflective layer, such as 
aluminium. 

al«* t Th ^ ref6rred LCP mater * al this case is one which has a 
glass transition temperature (Tg) well below room temperature (for 
example < 0°C). v 

Myslloxanes are suitable for this purpose, since they have a 
flexible backbone, with the result that Tg for these materials Is 
low. m particular, copolyslloxanes with -CH 3 and mesogenlc 
moieties as side chains are preferable. An example of a suitable 
copolyslloxane 1s shown below. 
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For the above polymer, which has a smectlc A phase, Tg 1s 
-8°C and the clearing point 1s 80°C. 

in order to write data Into the disc, a laser beam 12 1s 
focused on to an elemental area 13 of the LCP material and the LCP 
material Is rapidly heated Into the isotropic phase. On removal of 
the beam, the material cools slowly to room temperature and the LCP 
exhibits a scattering texture when It 1s In the LC phase. The 
written spot can be erased by reapplying the laser beam to reheat 
the LCP material Into the Isotropic phase. The material then cools 
with an electric field applied to It by means of the electrodes 10 
and 11, so that the field reorientates the LC material to an aligned 
state. This state 1s optically clear. The contrast between the 
scattering texture and the aligned texture gives a high s1gna1-to- 
nolse ratio during subsequent reading of the data. 

in order that the laser energy may be absorbed efficiently 
by the LCP material, a dye 1s Incorporated In the material as 

described above. 

The Initial state of the LCP material 1s not Important. The 
background can therefore be scattering, or aligned by means of an 
electric field. However, a scattering background 1s preferable and 
will avoid the risk of electrical shorting which might occur during 
bulk alignment using an electric field. Erasure of the entire data 



elect,™ eras ,„ 9 could be effected us ,„ g an 4pplfei * "V 



will be playable using a conventional compact disc player. 
LCP disc s nm 7 a9net0 -°> t1c ««, or metal pnase-chang L , an 

t w n r entall i stabie - There u n ° du 

contact with moisture or air, and the disc can be safelv hanrfun < 
a normal room environment iro ^ y hand1ed 1n 

— r::;;;: rr.:r:;;:;r 
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Clalms 



1. 



A compact disc comprising as an optical storage medium a 
layer of liquid crystal polymer material. 
2 A compact disc as claimed 1n Claim 1. wherein the liquid 

crystal polymer material has a glass transition temperature above 
room temperature- 

3. A compact disc as claimed In Claim 2, wherein the liquid 
crystal polymer material 1s a polyacrylate. 

4. A compact disc as claimed In Claim 2. wherein the liquid 
crystal polymer material Is a polyester. 

5 A compact disc as claimed In any preceding claim, wherein 

the layer of liquid crystal material 1s deposited on a substrate. 
T A compact disc as claimed 1. Claim 5, wherein the substrate 

1s formed of a plastics material. n1aeH r< 
7 . A compact disc as claimed 1n Claim 6, wherein the plastics 

material 1s flexible. n1act ir< 
8 A compact disc as claimed 1n Claim 6. wherein the plastics 

serial 1s polycarbonate, polyethylene terephthalate or polymethyl 

f ^Tlpact disc as claimed In any one of Claims 5-8, wherein 
/reflective layer Is disposed between the layer of liquid crystal 
material and the substrate. 

10. A compact disc as claimed 1n Claim 9, wherein the 
reflective layer comprises a layer of aluminium. 
H A method of manufacturing a compact disc as claimed 1n any 
one of Claims 6-10, wherein the layer of liquid crystal polymer 
material 1s Initialised by heating to render the material optically 

l2 atter1 Tmethod as claimed 1n Claim 11, wherein the liquid crystal 
poiymer material 1s dissolved In a solvent and the solution Is 
spread on the substrate using a doctor blade. 

13 . A compact disc as claimed 1n Claim 1. wherein the polymer 
material 1s a polyslloxane liquid crystal polymer. 

14. A compact disc as claimed 1n Claim 13. wherein the liquid 
crystal polymer 1s a copolyslloxane of the form:- 
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A compact dtsc as clawed lp claim n or c ,„. „ t 
e pow Mter ,a, „ copta, ned be t»ea„ two" sltral s 

17 « A compact disc as claimed in n»tm k u , 

of tha a,actMca,„-co,*cti,e We r ^ ! ? ? " ~ 

A compact < (sc as CaJ , . 
- of «. a,ectHc.„ y .c„ ndU ct,»a ,. y a, „" £ e 
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